Consumers in the fresh fruit market choose fruits mainly following criteria related to the external appearance. However, the introduction of new material for planting depends on the productive capacity of the plant as well as on the formation of fruit that meets consumer desires. Given the above, the objective of this study was to morphoagronomically characterize tomato genotypes using multivariate statistics. The genotype seedlings (Ellus, Black Mauri, Green Zebra, Green Tomato, Pomodoro Marmande, Pomodoro Fiorentino, Pitanga, and Black Krim) were transplanted 30 days after sowing. The morphoagronomic characterization of the genotypes was carried out by evaluating plants and fruits. The data were analyzed using descriptive analysis, namely, position and variability measurements. In addition, a multivariate cluster analysis and a principal component analysis were carried out for plant and fruit attributes. The cluster and principal component analyses were efficient in characterizing plants and/or fruits of different tomato genotypes. Such efficiency enhances result interpretation and proposed inferences, with applied relevance for the producers. The genotype Ellus has a combination of morphoagronomic plant and fruit traits superior to other genotypes. Such superior traits enable a high productivity.
Introduction
The tomato (Solanum lycopersicon L.) was originated in South America and is the second most important vegetable in economic importance and consumption in the world, second only to potatoes [1] . Bioactive substances such as carotenoids (lycopene, -carotene, and lutein), phenolics (flavonoids, phenolic acid, and tannins), and vitamins (C, E, and B) [2, 3] are obtained by the in natura consumption of fruits. These compounds positively affect health for having anti-inflammatory and anticancer effects and preventing chronic diseases (obesity, diabetes, coronary heart disease, and hypertension) [4] [5] [6] [7] .
Consumers in the fresh fruit market choose fruits mainly following criteria related to the external appearance [8] .
Color, size, shape, and texture are the first attributes evaluated. Therefore, the introduction of new material for planting depends on the productive capacity of the plant as well as on the formation of fruit that meets consumer desires [9] .
In general, the phytotechnical characterization of plants and fruits of different tomato genotypes is carried out by tests that distinguish the phytotechnical characteristics using only analysis of variance and mean comparison tests. Studies on the existing relationship among phytotechnical characteristics, among genotypes, and within genotypes are deficient in the scientific literature. Therefore, the proposed inferences are somewhat superficial.
An approach appropriate for a thorough study on such relationships is the use of multivariate techniques [10] . All variables are simultaneously assessed by exploratory or 2 Advances in Agriculture inference techniques that enable checking possible links, similarities, or differences among variables [11] . Therefore, the interpretation of data structure is optimized, mainly providing a reduction in information and time loss. Given the above, the objective of this study was to morphoagronomically characterize tomato genotypes using multivariate statistics (exploratory techniques such as cluster analysis and principal component analysis).
Material and Methods
The study was carried out in a greenhouse present in organic system ( of S, and a 7.25 pH) per meter. The lines were separated by a distance of 1 meter and the plants by 0.6 meters. The tomato support system consisted of a double rod with a narrow ribbon. The removal of excess shoots was held weekly as of 30 days after transplanting (DAT).
The morphoagronomic characterization of the genotypes was carried out by evaluating plants and fruits. The growth habit, shoot height, number of flowers, and number of fruits were determined in eight plants of each genotype, randomly picked, at 35 DAT.
At 80 DAT, 24 fruits were harvested from eight plants of each genotype and the following measures were obtained: fresh mass weight (gravimetry), longitudinal diameter (direct measurement with calipers), transversal diameter (direct measurement with calipers), epicarp, mesocarp, and endocarp coloring (visual method), number of locules, mesocarp thickness (direct measurement with calipers), epicarp firmness (texturometry), and seed quantity per fruit. The number of fruits per plant was again counted 80 DAT to estimate the yield per plant (number of fruits * fruit mass) and production in tons per hectare (yield per plant * 16666/1000).
The data were analyzed using descriptive analysis, namely, position (mean) and variability (coefficient of variation) measurements. In addition, a multivariate cluster analysis and a principal component analysis (PCA using correlation matrices) were carried out for plant and fruit attributes. The cluster dendrogram was obtained through the UPGMA (Unweighted Pair Group Method using Arithmetic Averages), using the Euclidean distance as a similarity coefficient.
Results and Discussion
A large variation in the number of fruits per plant (35 DAT), number of locules, and firmness was observed among the evaluated genotypes (coefficient of variation of 64.90%, 37.40%, and 28.73%, resp.; Tables 1 and 2) . Tables 1 and 2 exhibit parameters associated with height and flowers and fruits production of the tomato genotypes evaluated. Height, flower production, and fruit production had a high variability and thus may be used as indicating variables for material selection in genetic improvement programs [1] .
The genotype Ellus stood out among the others for having a higher estimated fruit production per plant and area (Table 1 ) and for the fruit traits related to mesocarp mass and thickness ( Table 2 ). The genotype Black Krim had the highest number of flowers, but it did not result in the greatest fixing and fruit formation. Some genotypes or/and cultivars are more sensible to abiotic factors in the reproductive phase, such as temperature and radiation [12, 13] . High temperatures cause flowers to fall, affect pollen viability and/or fertilization, and lead to a low fruit set.
The genotypes Ellus, Black Mauri, Pitanga, Black Krim, Pomodoro Fiorentino, and Pomodoro Marmande had fruit with a reddish epicarp, with tonal variations (Table 3) . Specifically, materials for industrial processing (e.g., Black Krim) have peel redder than the pulp due to greater accumulation of lycopene in the epicarp [8] . Lycopene is the most abundant carotene in red tomato fruits [14] . The biosynthesis is associated with the change in fruit color from green to red when chloroplasts are transformed to chromoplasts [15] . Its abundance is associated with genetic control (especially by increasing the expression of hp, og c , and CrtL genes) [8, 16, 17] , fruit development time [18] , water supply [19] , and climatic conditions [8] . In addition, lycopene biosynthesis can be inhibited if high temperatures (above 30 ∘ C) occur in fruits, often due to a high incidence of solar radiation in the epicarp [8] .
The genotypes Green Zebra and Green Tomato stood out from the others due to the yellowish and greenish epicarp, respectively, and the green pulp ( Table 3) . The pigments present in genotypes Green Zebra and Green Tomato are possibly xanthophylls (lutein and zeaxanthin), oxygenated derivatives of carotenoids. Xanthophylls are powerful antioxidants associated with a reduction in the risk of eye diseases (e.g., age-related macular degeneration and cataract) [20, 21] . In addition, high concentrations of lutein, zeaxanthin, and vitamin C in the plasma could reduce the incidence of chronic diseases (cancer, diabetes, cardiovascular disease, and stroke) by preventing leukocyte telomere shortening [22] .
Several enzymatic complexes, especially the lycopene cyclase, mediate carotenogenesis, in tomato fruits [16, 17] . Wild species holding green (S. neorickii, S. peruvianum, and S. pennellii) and yellow fruit (S. cheesmaniae) have polymorphisms in the coding region of the gene that encodes the enzyme lycopene cyclase [23] . Therefore, the inability of Green Zebra and Green Tomato fruits to accumulate lycopene is probably related with the mutation of genes associated with the lycopene cyclase.
Multivariate Analysis.
The first and second components of the multivariate analysis of plant traits explained 73.38% of the total variance (Figure 1 ). The genotype Black Krim was represented in the first quadrant, Black Mauri in the second quadrant, and Ellus in the fourth quadrant. Such representation indicated that the traits number of fruits per plant at 80 DAT (Black Mauri), number of flowers per plant at 35 DAT (Black Krim), plant height at 35 DAT, and estimated production per plant and per hectare (Ellus) prevail in describing these genotypes. The genotypes Pomodoro Marmande, Pomodoro Fiorentino, Pitanga, and Green Zebra were located in the third quadrant and were characterized by having a low number of fruits per plant at both 35 DAT and 80 DAT.
The production of fruits per plant/area was positively correlated with plant height at 35 DAT. According to Piotto and Peres [24] , the tomato plant only flourishes after issuing eight to twelve leaves. Therefore, genotypes that are more precocious with respect to vegetative growth may be more susceptible to hormonal and environmental stimuli, which favor flowering. Finally, this early vegetative maturity may provide greater accumulation of photoassimilates due to the increased competitiveness in capturing light, leading to a greater success in fruiting.
The first and second components of the multivariate analysis conducted for the fruit traits (Figure 2 ) explained 84.13% of the total variance. The occurrence of genotype Ellus in the second quadrant shows its prominence in regard to mesocarp thickness, fresh weight, and transverse diameter and confirms the importance of these traits in describing the genotype Ellus. Meanwhile, low firmness of the epicarp was the best descriptor of fruit of the genotype Green Tomato. The Italian genotypes Pomodoro Marmande and Fiorentino, located in the fourth quadrant, stood out from the others, especially by having a high number of locules and longitudinal/transverse diameter ratio. The locules are cavities within the fruit, derived from the ovary, where seed are submerged in placental mucilage. The number of locules is positively correlated with the number of seeds and fruit size in the fourth quadrant (Figure 2) .
The genotype Black Mauri, represented in the first quadrant, differed mainly by the low mass and fruit size ( Figure 2 ) and had twice the number of fruits as genotype Ellus (Table 1) . Still, due to the low average mass of genotype Black Mauri (Table 2) , production per plant and per area was approximately three times lower than for genotype Ellus.
Genotypes Black Krim and Pitanga had low numbers of seed per fruit.
Genotypes of specific growth, as Black Krim, are suitable for the production of fruits for industrial use. The combination of small size (Table 1) , intense red peel (Table 3) , and uniform maturation leads to an optimization of the mechanical harvesting and the processing of sauces and ketchups [8, 24] .
Cluster analysis of plant traits enabled grouping the eight genotypes in only two groups (Figure 3 Fiorentino, and Black Mauri). The intersection of the group pairs indicates a high level of similarity between genotypes Green Tomato and Ellus and genotypes Green Zebra, Pomodoro Fiorentino, and Black Krim.
Conclusion
The cluster and principal component analyses were efficient in characterizing plants and/or fruits of different tomato genotypes. Such efficiency enhances result interpretation and proposed inferences, with applied relevance for the producers.
The genotype Ellus has a combination of morphoagronomic plant and fruit traits superior to other genotypes. Such superior traits enable a high productivity.
